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Description 



[0001] The present invention concerns the doning of p.p-carotene 15,15'-dioxygenase (EC 1 13 n 2U the 
e,«yme responstole for the cleavage of p-carotene leading to vitamin A. The term vitamin A as defLd n he prL!^ 
nventwn comprises a dass of compounds ircluding retinal, retinol. 3-dehydroretinol. retinoic acid the "so^e^^ 
these compounds as we^l as retinylesters. Proteins having ftp-carotene l5,15'-dioxygenase activity a^ n^fe^cS 
timrvrm^;"2,*"'*'\"^^ different flews including but not limited to dlgnostics, the t^n^ pr^u^ 
ftm Of vitamm A, the generation of tmnsgenic plants in order to produce vitamin A in fruits and vegetables, or^eSe ther- 

^^"J" T*"*' ^"^ '^'S^'y "«st organisms from its precursor caro- 

^rt^; ^^^T'*'' " P'*"*"- P'wto^ynt'ietic active arxl some other m^c^Znismr 

Man and most animals (in particular herbivores and omnivores) are able to convert sudi carotenoids als^S oTo 

1 13 11.21). The enzyme is located In the cytosol and forms retinal from p-carotene. as the prSl 
substrate, in presence of oxygen according to scheme 1 : principal 



Seheme 1: 

" ^ ' ,CMO 





10003] The enzyme Rp-carotene 15.1 ff-dioxygenase is diaracterized by generating 2 mols retinal from i mm nf a 

sruSr;;^T^e^ r ^ --^^^ 





&>Carotftne 




R R* ■ OH. O or any 



R- = CHO, COOH. COOR-. 

C jHy CHO. CyHj-COOH, CjHj-COOR" 
C^^CHO. C^Hg.COOH. CsHj-COOR* or any 
whcfcss R" • AlkyI or any 



[0004] Highest known enzymatic activity is found in the intestine of herbivores, especially in duodenum In other «c 
arn^^'h^'K^"'' Trr'^ P.P-carotene 1 5.1 5 '-di oxygenase is also' deJLctabirst^^^^^^ 
1 ^^PHn no«^^ undertaken to purify and characterize the enzyme by biochemical methods [Goc^man (1 9^ 
Slffi M ^* Uksmanan (1972). Sharma (1977) and Devery & Milbotow (British Journal ^ NutrS 994)T2 

S n^^H fV^""'^ ^ *he present invention it was possible to purify the chicken enzyme to such a degree that a 

nmol^Z'^ "T""'"?^ "^"'^^ ^ ""^^^^ ^""'^^^ 226-fotd. yielding a specif ic actM^f 2^0 

pmolM/mg. On a polyacrylam,d gel of fractions from the final gel filtration run 15 bands were vLe afte Coor^S^ 
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blue staining. Two bands correlated with the enzymatic activity profile. With the first protein Edman sequencing and with 
the second MS spectroscopy was performed. Tryptic ingel digestion and subsequent microbore RP-HPLC peptide map- 
ping in combination with MALOI-TOF MS and automated Edman degradation of this latter protein revealed 2 peptides 
of 11 and 18 amino adds. From this sequence infbmriation degenerate PGR primers were designed and synthesized. 
5 [0006] With a PGR protocol a 51 bp (base pair) fragment was anplified within the longer peptide. From this 
sequence a homologous primer was synthesized and used in a second RT-PGR (reverse transcriptase - PGR) to 
amplify a 597 bp fragment. 

[0007] This cDNA fragment was radioactively labeled and used for the screening of two positive pools from a 
chicken expression library in order to isolate the full length cDNA coding for p,p-carotene 15.15'-dioxygenase. 

10 [0008] The positive pools were obtained from a cDNA library from chicken duodenum which was screened for p.p- 
carotene 15,15*<lioxygenase activity in a cellular transactivation assay By this strategy several positive cDNA pools 
were identified. By combining the two strategies the gene coding for p,p-carotene 15,15'-dioxygenase could be suc- 
cessfully cloned. It is an object of the present Invention to provide a protein having the vitamin A producing activity of 
p,p-carotene 15,15'-dioxygenase comprising an amino acid sequence which Is identical or homologous to sequence ID 

15 no. 1 (shown in Fig. 4) whereby the degree of homology to sequence ID no. 1 is at least 60%. 

[0009] After having provided the sequence of p.p-carotene 15,15'-dioxygenase isolated from chicken correspond- 
ing proteins from different animals like swine, cow, goat, dog, rabbit, poultry, fish and humans can easily be obtained. 
Since the sequence is known suitable regions of the nucleic acid sequence can be selected as primers for a polymerase 
chain reaction with a suitable nucleic acid which allows an easy and rapid amplification of the gene coding for the pro- 

20 tein. 

[001 0] The present invention comprises therefore not only proteins having an amino acid sequence identical to the 
sequence given in sequence ID no. 1 but also such proteins which have an amino acid sequence homologous to the 
sequence ID no. 1 . The degree of homology is, however, at least 60%, preferably 70%, more preferably 80% and espe- 
cially preferred at least 90%. Homology as defined in the present invention means that when the amino acid sequences 

2S of two proteins are aligned at least the given percentage is identical. The alignment of the amino acids can be per- 
formed with the help of a suitable computer programme which is commercially available, perferably the Wisconsin 
■ Sequence Analysis Package GOG (Genetics Computer Group, University Research Park. Madison), Version 9.1 . 1997. 
The remainder of the amino acids may be different. A homology of 90% for example means that 90% of the amino acids 
of the protein are Identical compared with the amino acid sequence given in sequence IP no. 1 whereas 10% of the 

30 amino acids may be different. The proteins of the present invention have, however, the biological activity of p,p-carotene 
[0011] 1 5.1 S'-dioxygenase which is explained above In more detail. Preferred proteins which are within the scope 
of the present invention are derived from other mammals or from humans. 

[001 2] Another aspect of the present Invention concerns nucleic add sequences coding for a protein having the bio- 
logical activity of p,p, -carotene 15.15'-dioxygenase. A nucleic acid sequence coding tor the enzyme derived from 
35 chicken is shown in sequence ID no. 2 (see Figure 3). The nucleic add sequences of the present invention code for a 
protein of the present invention or a part thereof. Shorter nucleotide sequences suitable for PGR have a length of at 
least 20 bases, preferably 25 bases and most preferred at least 30 bases. 

[001 3] The nucleic acid sequences of the present invention can be preferably used as primers tor the specific ampli- 
fication of a gene or part thereof coding for p.p-carotene l5,l5'-dioxygenas& Primers can also be used tor the specific 
40 amplification of 5' nontranslating or 3' rtontranslating sequences of the cDNA described above. The nucleic add 
sequences of p.p-carotene 1 5,l5'-dioxygenase cDNA can be used as a probe for the detection of the coding as well as 
for the noncoding regions or parts thereof. The nucleic acid sequences of the present invention can be preferably used 
as antisense RNA probe for in situ hybridization. 

[0014] It is especially preferred to use primers and probes having a part of the sequence given in sequence ID no. 

4s 2 as primers and/or probes in testkits which can be used for the amplification and/or detection of genes/mRNAs coding 
for p.p-carotene 1 5,1 5'-di oxygenase by polymerase chain reaction (PGR). The selection of suitable parts of the nucleic 
acid sequence can be performed by the person skilled in the art without difficulties. A nucleic add sequence used as 
primer or probe is usually selected from a region which is highly conserved within the protein. Conserved means that 
the nucleic acid sequences of such regions of proteins obtained from differertt spedes are very similar. On the other 

so hand the preferred nucleic acid sequence should not be present in other nudeic acid sequences which do not code for 
p,p-carotene 15,15'-dioxygenase, because this might lead to false positive results. By aligning several sequences 
derived from different spedes such regions can easily be detenmined. Although the nudeic acid can be a ribonucleic 
acid it is more preferred to have desoxyrit)onudeic add sequences. 

[0015] One preferred use in diagnostics is the determination of the p,p-carotene 15.15*-dioxygenase in patients. 
55 There is a variability in p-carotene cleavage potential among the population. Humans with low dioxygenase levels (with 
e.g. mutations or polymorphisms in the gene for p. p-carotene 15,15'-dioxygenase) could be identified and selected for 
vitamin A supplementation. 

[0016] A diagnostic kit based on PGR can be designed to detect frequent mutations in the dioxygenase gene. 
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Another diagnostic option is quantrfication of mRNA hv rt pp r iKj^. ^- 

^^^^eTJ:.:^^!:^^'^^^^ P-teln is descr.,ed In detai, In «,e 

5 to generate antibodies which do speoifi^lly rLa o 04^, i.tZ """k^ ^ ^ ^^"^ 

lVimn»ini«ng laboratory animaMi.^ ratJt^sheSo^goT^^^^^ 

the well-known technique described bv KOhle an^ iS^.^L?fc '''^^^ ^ ^" adjuvant or monoclonal anttoodies by 
The antibodies shoJspec»1^??eta wit^ °' 'n.n^uno^y. 1976. 6 (7), p. 511-519' 

action, TT,ls -^eansthattheantibiiiesof thepr«^T,l7nt^^o^^^ order to avoid an unspecific crossre- 

'0 only on a protein of the present invention ^"^^ ^«act with an epitope which is present 

':^yS^se" Tt^Sre^r^^^^^ ot M^r- 

several types Of imn^noassays Which arewelllC^rt^^^^^^^^^^^^ 

erably a monoclonal antibody is fixed to a solid ph^ ^te aS^^v th^ 'h t?' ''^"^""^ ^""^V' P^^f- 
- the p,pK.rotene 15,15 -dioxygenase and ant'^ir^^^J "e^^^^ra T ^ '"'^ 

b,nds to another epitope of .he enzyme. The second J^y is IT^^ l^T T°^°""' '"'"^^ "^"^ 
wich consisting of the antigen and two different antibodi^ '"^ presence of the sand- 

S"sL a^::S^r:srin^rnr<^^^^^^^^ Prefer- 
a. e.Td>edded orfixed tissues or cells of any species^f inS ° P.P-oarotene IS.IS'-dioxyBenase in 

quomly be reduced «vVetinord^rSenLT"temt ? "~'ecules of retinal which will subse- 

enzyn«,ically convert p-carotenew^ic^,^f be IS.IS'-dioxygenase can be used to 

« alga Dunaliella baitlawil which has a hig^^^ot^tve?^, B d^^ntrt ^ ^^^'^'^ ^ 
and p-carotene can be purified therefrom S« 1^,^ t.'^lT ^"'T'^ conveniently 
byusingapr^einofthepresertinvBotr^T^To^^Xyr^™™^ 

a continuous process. «"«iene awxygenase can preferably be immobilized in order to provide 

^0 'Pr.eJr^r.SZ.^r^::^,:^^ -^Cduc^on Of the gene coding lor a prot.n having 

trh^itceii^n^^irhrereruXi:^^^^^ 

ceils, insect cells or mamr^iian cells Pre e^S t^' g'Tne is 31^^ i;^*"* ^"^We bacteria, yeasts, plant 

« ' s^trrr -^-e;s,^iro:s:giitre,r*'' ^^•"^'^^ 
iU.^iori:^r^b^;:^rnro^"cter^^^^^^^^^ 

P«n Patent Application PuMicafion No. (EPII47 S3 oMn EP " ^ ^"^ ^ ^""^ 

^Tby wr:r r^s'^trt^rn^r ;rs;s^^^^^^^^ '-^^ '■■^ -«abie hos. 

0 D^Pendingonthehostcellitmaybepreferre^aabl^^^^^^ miaoprojectile bonterdment. 

into the genome of the host cell. Ttie cells obtainMl bv J^* m«h!^o^ ^ ^ ^ ' P'"*^'" °* P'^^* "mention 
a plant cell it is possible to generateth^e^^^fc f^^^^ ^ P^P^Sated and it the cell 

are plant cells and tomato cells are espedXS^ T?^Jl^lT^'"^"' '^^^ 
lished and «.e tomato contains sufficient I^^Stt^^o^er to JS^I"'^ "^"T"'" '""^^"^ 

s duction of carotene dioxygenase into the tomato^Z Tgrfen^T * 

''T::^ r"l^''' ^ al^ th^se pZs r^^^eSTpr^f^""'" ""^ 

.r.^p.c'rn^rr.e^r^rsr^^^^^^^ 

Slnto ™anT^te a°nSS i^^^^^^ 

p,p-carotene IS.IS'-dioxygenase ^TuKce^sTrili T^TJf ""^'"^ 9^™ <««"S for a 

the gene for p.p.caroten^15.l5-.di™«e^'S l^"a^;X,^ 

carotene IS.IS'^lioxyoenase gene. Such mUaSorelrS^S^r^onf rL^'^^^ °^ p.p- 

are not able to cleave p-carotene enzyrnaliX^e^e trc^ o^^^t^' "7 "^".''^ '""^ "^'"^ P^««"'= 
suffer from various developmental aril Ofi>2l,n^ -r^^^ '1^? ^ ^t^^'" * '«^el and thus 

expressing,hep.p-.rotenetS.tS-.oxyg:,ase.oi2?h%Cr«^^S^^^^ 
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improve their situation. 

[0027] Some of the most importam results of the present invention are summarized in the Figures. 
[0028] Rgure 1 shows the result from the last step of purification of p,p-carotene 1 5,1 5'-dioxygenase from the small 
intestine of chicken. The SDS-PAQE pattern and p,p-carotene IS.IS'-dioxygenase activity of individual fractions from 
5 the gel permeation chromatography run are showvn. On the gel, the protein A is marked by an arrow and seemed to cor- 
relate best with the p.p-carotene 15.15'-dioxygenase activity. It was therefore chosen for further amino acid sequence 
analysis. The at)breviations have the following meaning: Std.: molecular weight standard; cone: concentrate loaded 
onto the gel permeation chromatography column. 

[0029] Figure 2 shows schematically the transactivation assay in eukaryotic cells. cDNAs are transfected and 
10 expressed in MCF-7 cells. When incubated with p-carotene, a positive pool shows cleavage activity. The cleavage prod- 
uct retinal is further oxydized to retinoic acid (RA) which binds to the endogenous receptor. The receptor/ligand complex 
binds to the response element on the reporter plasmid and leads to an enhanced transcription of the luciferase gene. 
The luminescene signals are detected in a luciferase assay with a sensitive CCD camera. 

[0030] Figure 3 shows the cDNA sequence (sequence ID no. 2) for p.p-carotene 15.15'-dioxygenase which has a 
15 length of 3090 base pairs excluding the poly A tail. 132 base pairs are 5' nontranslattng sequence, the coding sequence 
has 1578 base pairs and the 3* nontranslating sequence 1380 base pairs, respectively. A putative pdy A slgnal is found 
at position 3073. 

[0031] Figure 4 shows the derived amino acid sequence (sequence ID No. 1) of p,p-carotene 15,15'-dioxygenase 
derived from chicken having 526 residues. The amino acid sequence is given in the one letter code. 
20 [0032] Figure 5 shows a comparison of the p,p'Carotene 1 5.1 5'-dioxygenase amino acid sequence with a protein 
having the designation RPE65 which was found by a sequence comparison in EMBL Genbank as the protein having 
the Nghest homology to the p,p-carotene 1 5, 1 5'*dioxygenase of the present invention. 

[0033] Figure 6 shows two fractions of p.p-carotene 15.15*-dioxygenase eluted from, a Co^'^'-chelate column. In 
lanes 1 and 2 two different fractions were loaded and lane 3 is a low range molecular weight marker. 
25 [0034] Figure 7 shows an HPLC analysis of an activity test of p.p-carotene 1 5.15'-dioxygenase which was cloned 
and expressed in E.coli. 

[0035] Figure 8 is a proof that the peak representing the only product of the enzymatic cleaving is retinal. 
[0036] The present invention is further illustrated in the following examples: 

30 Example 1 : 

Assay of p,p-carotene 1 5,1 5*-dioxygenase activity 

[0037] For the tests the following solutions .were prepared: 

35 

a) Solution 1 (mixed micelle solution): Glycocholic acid (116 g) was dissolved in 5 ml H2O under stirring and by 
drop-wise addition of 5 N NaOH. After pH was adjusted to 6.8-7.2 with acetic acid and the volume increased to 10 
ml with H20. 80 mg of asolectin (Fluka) were added and dissolved under stining. 

b) Solution 2 (substrate solution) : 500 ^1 of an a-tocopherol solution (10 mg/ml in hexane) and 235 ^g of a p-car- 
40 otene solution (80 ^g/ml of pure all-E-p-carotene in benzene) were mixed in a glass vial, protected from light and 

the solvents evaporated under a gentle nitrogen stream. 1 ml of solution 1 was added under vortexing and eventu- 
ally a few short ultrasonic bursts until a clear solution occurred. 

c) Solution 3 (homogenization buffer): 100 mM KH2PO4 adjusted with 5 N KOH to pH 7.8 and containing 4 mM 
MgCl2. 6 H2O and 30 mM nicotinamide. 

45 d) Solution 4 (GSH solution): 60 mg/ml reduced glutathione dissolved in solution 3. 

e) Solution 5 (standard solution): 10 ^g/ml vitamin A acetate in hexane/chloroform 9:1 . 

[0038] Activity assay: 2 ml enzyme preparation (approx. 4 mg protein, assayed by BCA protein assay. Pierce 
Chemicals) were placed in a light-protected glass vial in a shaking water bath (30 min,, 37 **C). 0.2 ml solution 4 was 

so added and the reaction was started after 2 min. of temperature equilibration by addition of 50 ^l solution 2. After 3 h, 
the reaction was stopped by placing the vials on ice and subsequent addition of 1 ml acetonitrile followed by 5 ml chlo- 
roform. The vials were vortexed 3 times for 7 s and phase separation was enforced by centrif ugation for 5 min. at 5000 
g. Extraction was repeated twice with 0.6 ml chloroform. The combined chloroform phases were evaporated and resol- 
ubilized in 200 ^l solution 5 under short sonication. Insoluble material was renrK3ved by filtration through 0.45 ixm filters. 

55 An aliquot of 20 was separated by HPLC on a reversed phase Cib column (Lichrpspher 100. 5 >im. 12.5 cm x 4.6 
mm, Bischoff Chromatography, Leonberg. Germany; 1 ml/min, column temperature 25**C) with k discontinuous, opti- 
mized gradient of acetonttnle/tetrahydrofuran/(1% ammonium acetate in HgO) from 50:20:30 (eluent A) to 50:44:6 (elu- 
ent B). These conditions allow complete separatron of p,p-carotene and retinal as well as apo-p-carotenals and retinoic 
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adds. Calibration curves were made for both 6 fi-carotenp anH roti«oi :« *^ 

respectively, and were correlated to the value^V^^tamTn a a^^^^^^ ^-40 and MO ng/,!. 

activity was expressed as the amount of retinal liberated in the^^^H!^^ I^^ ^" Enzymatic 
1 7.6 nmol). ®^ ^"^'^ ^^^ay during 3 h of Incubation at 37 (100% = 

Example 2: 

Purification of p,p-can>tene 15,15*-dioxygenase 

IKi)3S0: Xl* ^' •^^"'"-^^''--^ chrcxnato^, 10 KH,PO,. 1 ,nM r«,uced glutathione, 0.5 
re'ol, PH " ^^-^'-^^P^--- chrcatography): 10 a,M KH,PO,. 1 reduced gMa^Hone. 10% 

killed by decapitation and the tirst 20 c™ ot^tt,e duc^enaJ ^ witL^ s^.a^fJ^*'^^ ^ '"^^ 

40 mL each of 0.9% NaCI solution The intestines waro irlmLil^iT separated from pancreas and rinsed with 

10047, Ten intesbnes were tha«^ <^^n aX"^'^1^' op^^^^^ '^'^ ^' "^^'^ 

mucosa was scraped off with a slide, weighed andf^r„fJ^ ^ S ^, "^^^ ^" ^^^h. The 

:Krs";rs'reLr^i^ip^r3S~ 

..ined.ron,.e.0.5%stepr«^Srar»rXTor^^ 

equilibrated wimsolLtion 8. P°otL7were S^ra fl^^^.'^r?/ "^'"T^ ''*«'"«"^' "PP«^ Sweden) 
(CV) from soluficn 8 to solution 9. |^p-(Sr^^t 15 is'^^i^el J^^^JT^^ " ^"^^ ' «""■"" 
fractions with a conductivity of < 1 r^S^^! p^^^^T^V',^^!^ V "^""^^ »"V 
column (Pham«cia) equilirated with s^iZ 9T^c^^e^V!^^^° ^ '° Sepharose 6 Fast Ro^ 
ml/min) in the break-through fractions v^v^eta^Xt^tt'Z'^^^f ^ ^'""^ « "°* --ate o« 8 

chromatography column ^PerSer*i^« Bir«^^ = ' ? "^"^ = 2° anion exchange 

15,15..ioxyg'jLT«:s Z.TIT'''''' « "'P"^-^™ 

10. Activity was detected in the gradiem InfconS ^^rt 0^ 'n^S:^VT '° 
centrated to -1 .3 ml with Ultrafree-15 filter units^NwS^ ^nn M^f^^' '^'^ <^°""> "^^^ con- 

concentrate (500 ,1) was loaded onto a SuperSS S^o^ 1^ oST i" "^nw ' ""^^ ^'^""^ °' 

at a f tow rate of 0.5 ml/min with solution 1 1 Ilta^oteof eac^^^nn » f^^^ ^* Pf-^^-^^a) and eluted 
upon concentration, for SDS-PAGE {with MOPS tnlat^^f° i^^^^^^ <^«« ^'^"^'^ D ^nd. 

The results of this experiment are shown in pig 1 Z T^Sf 1 ^ ^ ^^A). 
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Purif icati 


Total 


Total 


Yield 


Specific 


Purif ica 


on step 


protein 


activity 


[%] 


activity 


ion 




[mg] 


[nmol/h] 




[pmol/ (h- 
mg) ] 


factor 


(NH4) 2SO4 


779 


8 . 61 


100 


11 . 0 




pellet 












phenyl - 


80.8 


8.27 


96 .1 


102 


9.27 


Sepharose 












Blue 


16.0 


8. 86 


103 


554 


50. 1 


Sepharose 












Poros HQ 


1.56 


3.90 


45.3 


2500 


226 



Table 1: Surranary table for the purification of p,p-carotene 
15 , 15 • -dioxygenase starting with 10 aliquots of the (NH4)2S04 

pellet (means of 3-4 measurements),. 



Example 3: 

Amino acid sequence information for p,p-carotene 1 5,1 S^-dioxygenase 

30 [0049] For amino acid sequence analysis, fractions of tfie gei flitration run (as shown in Fig. 1) were separated on 
a 8-16% Tris/glycine gel (Nov^ex), and the proteins transferred to an Immobilon membrane (Millipore) and stained 
with amido blade, 

[0050] Since protein A proved to be N-terminaliy blocked, rrujitple al'quots of fraction 1 8 from the gel filtration run 
(see Fig. 1) were separated on a 10% Tris/glycine gel (Novex). and the gel was stained with Colloidal Coomassie Blue 

35 (Novex). The band corresponding to protein A was excised from the gel, and the protein digested in-gel with trypsin. 
The tryptic digest was separated by micro-bore reversed-phase HPLC on a 150 x 1.0 mm Vydac Cib column (Vydac, 
Hesperia. CA. USA). Peptides were eluted with an acetonttrile gradient in 0.1%trifluoroacetic acid, and peptide contain- 
ing fractions were collected for further analysis. Two fractions could be identified by MALDI-TOF-MS (Voyager Elite, 
PerS^ive Biosystems) to contain one single peptide each. N-terminal Edman degradation revealed the following 

40 sequences: 

(1) Ala-Glu-Val-Gln-Gly-Gln-Leu-Pro (Seq. ID Na3) 

(2) Asn-Lys-Qlu-Qlu-His-Pro-GIu-Pro-lle-Lys-Ala-Glu-VahGln-Qly-Gln-Leu-Pro (Seq. ID No. 6) 
45 [0051 } Note that the last 8 amino acids of peptide (2) correspond to peptide (1 ). 

Example 4: 

Cloning the full length cDNA for the p,p-carotene 15,15'-dioxygenase 

so 

A) RNA isolation: 

[0052] 4 week old Vedette chicken were killed, the duodenum was removed, washed with sterile PBS and cut open 
with scissors. The mucosal layer was scraped off with a glass slide, weighed and homogenized immediately with a Pol- 
55 ytron in 1 ml of Trizole reagent (Life Technologies) per 100 mg of tissue. Then the standard protocol from Life Technol- 
ogies was followed. Poly A mRNA was isolated by the polyATtract mRNA Isolation kit from Promega Corporation, 
Madison. 
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B) PCR and FTT-PCR: 



[0053] In the peptide sequence NKEEHPEP IKAE VQGQLP {peptide 2 of Examnle 3^ rSea ID Wn 7^ k.^ m 

5- primer: 5'AAC AAR GAR OAS CAY CCI GA r (Seq. ID No. 8) (20 mer with a degeneracy of 16x) 
3- primer: S'SAQ CTG ICC CTG lAC YTC SGC 3' (Seq. ID No. 9) (21 mer wHh a degeneracy of 8x) 



R= A or Q, 8= C or G. Y- C or T 



30°' ytc vl T""?" t^"^""*' *^ ^ '^"^ '°"owi"9 «ePS performed 94»C 

ethanol. dried and dissolved in 20 nl TE (1 0 mM Tris. 1 mM EDTA) moogen, wasned with 0.5 ml of 80% 

C0056J The resulting fragment of 51 bp was cloned into pGEM-T Easy, a commercially available T/A doninn v«nfor 

[0057] From the above DNA sequence a homologous forward primer was derived: 
5' TCTQMmCGGAGCCCATAAAAGC 3' (primer dioxy12) [Seq. ID No. 10] 

primmer toS? '"^ ^^'^ '"^''^ San Diego, ««s used as 

[0060] <>'e tube RT-PCRWt from Boehringer Mannheim was taken and the corresponding protocol follo^^^ 



mix 1: 




18.3 Mi 


H2O 


2.5 nl 


DTT(100 mM) 


1.0 Ml 


dNTPs(IOmM) 


1.0 Ml 


ollgo dT/Not (0.2 ng/pi) (3* primer) 


1.0 Ml 


dioxy12 (5' primer) (20 mM) 


0.2 Ml 


RNAse inhibitor (40 U/mO 


1.0 Ml 


chicken duodenal total RNA (2.2 mO/mI) 






mix 2: 




U.OmI 




10.0 mJ 


RT-PCR buffer 5x 


1.0 Ml 


enzyme mix (AMV RT. Taq and Pwo DNA Polymerase) 







were combined and the PCR protocol started on a MJ Research PTC200 DNA 
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5 



10 





•art' 






O' 




94° C 


30" 




57** C 


30" 


10 cycles 


68*C 


45" 




94°C 


30" 




62'' C 


30" 


25 cycles 


68*»C 


45" + 3" 


/cyde 


68«C 


7' 




4-C 


over night 





20 [0062] With this RT-PC R protocol a band of 597 bp was amplified from chicken total duodenal RNA. The PC R band 
was isolated from a 1% agarose get, cloned Into pGEM-T Easy cloning vector and subsequently sequenced. The orig- 
inal peptide is present in the sequence as well as an open reading frame over the whole sequence of 597 bp. 

C) Chicken cDNA-library: 

25 

[0063] From chicken duodenal polyA'*^ RNA cDNA was made with the Copy Kit (tnvitrogen, San Diego) using a mod- 
ified Oubler-l-loffman procedure. The cDNA was size-selected (0.9-5.5 kb) and cloned into the eukaryotic expression 
vector pcD NAM /Amp ( Invitrogen) . 

[0064] Electroporatton into E.coll Top1 0 was done with a Bio-Rad Gene Pulser II system following the standard pro- 
30 tocol. This resulted in a cDNA library of 480*000 individual clones. The library was splitted into 250 pools with 1500- 
2500 individual clones each. Each pool was amplified in 100 ml LB medium: Bacterial growth was stopped at OD 0.8- 
1.0 l3y adding chloramphenicol to a final concentration of 170 ^g/ml. Incubation was continued over night In order to 
increase the DNA amount. 

35 D) Activity screening of the chlclcen cDNA library: 

[0065] 90 of the above pools were tested for activity in a transactivation assay based on the detection of retinoic 
acid which is produced in euicaryotic cells after p-carotene cleavage. The principle of the activity test is shown in Fig. 2. 
[0066] 5 ^g of DNA from each pool were transfected with 20 ^g of lipofectin (Ufe Technologies) into a reporter cell 

40 line bearing a luciferase reporter plasnrtid with a RARE (retinoic acid response element) In front of the tk promoter (Her- 
pes simplex thymidine kinase promoter). Transfections were done for 7 h under serum free conditions. After 7 h the 
transfection mix was removed and RPMt medium with 10% charcoal treated FCS (fetal calf serum) was added. After 20 
h of incubation p-carotene (p-carotene 10% CWS, F. Hoffmann-La Roche Ltd.) or a placebo formulation were added to 
the culture medium to a final p-Carotene concentration of 5 ^M. Incubation was continued for 18 h. Then cells were 

45 washed with PBS, and luciferase expression was measured after substrate addition with a nitrogen cooled slow scan 
CCD camera (AstroCam Ltd.) Exposure time usually was 8 min. Analysis was done with the Image Pro Plus 3.0 soft- 
ware package (Media Cybernatic, Maryland). 3 pools were strongly positive, 7 pools showed weaker, but detectak»le 
activity. 

[0067] One of the positive pools was plated on a square agar plate. 2 filters (nylon membranes, Gene Screen, NEN 
so Research Products, Boston) were processed and screened with the radioactively ([a^^P]dATP, Amersham) labeled 597 
bp PCR-fragment. From 9500 colonies screened, 14 were double positive. From 36 colonies picked, 5 showed the 
same pattern after restriction site analysis. 2 clones were sequenced from the 5' end and the original 51 bp sequence 
was found. Subsequently the whole cDNA was sequenced and confirmed twice. 

[0068] All molecular biological precedures were done according to Sambrook. Frrtsch and Maniatis. l_aboratory 
55 Manual, Cold Spring Harfc>or Laboratory Press, 1989. if not otherwise mentioned. 

[0069] The obtained cDNA sequence is shown in Figure 3 and the amino acid sequence deduced therefrom in Fig- 
ure 4. 

[0070] Figure 4 shows the derived amino add sequence having 526 residues. 
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Example 5: Sequence comparison: 
Example 6: 

Expression of the cDNA for p,p.carotene IS.lS'-dioxygenase In E. coir 

allowed until ODsoo of 0.6^).8. At this p^nt th^^T,;^n^^tfhT!^ .2^^?^ ^ 

growth continued for another 1 5-2 houre bT^^bZ^I^Z^^J^II ^ (wopropyl-p-thiogalactoside) and 

Example 7: 

Exp«ssioo ol recombinant MKaroiene 15,i5--dloxygenase in the human duodenal ceH line HuTuSO- 

and the pellet frozen at ■ecc Either the wiholB con no^kT 1T , L 'n»ection the cells were harvested 

in an acfivity assay 6-frcaro^ene is > cytoplasmic fraction or the membrane fraction was used 

tions, while'In Sn^^nt^ctin notr^^dri^^i*" '"^ '^"^ ^ ^ 

Example 8: 

p-p-carotene i5,l5-.dioxygenase activity of the recombinant protein expressed In Exoll and In human cells: 

KUo;:ra=;r4tira;:a^r^^^^ 

arat»,als or other metaholKeswerefound.™s^,dbe^r::SSH^^^^^^^^ 
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SEQUENCE LISTING 



<110> F. Hoffmann La Roche AG 

<120> beta, beta-carotene 15 , 15 ' -dioxygenases , nucleic acid 
sequences coding therefore and their use 

<130> 

<140> 
<141> 

<150> 99.103382.0 
<151> EP 1999-02-22 

<160> 10 

<170> PADAT Sequenzmodul , Version 1.0 
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<210^ 1 
<211> 526 
<212> PRT 

<213> Gallus gailus 
<400> 1 



Met Glu Thr lie Phe Asn Arg Asn Lys Glu Glu His Pro Glu Pro He 
l-ys Ala Glu val Gin Gly Gin Leu Pro Thr Trp Leu Gin Gly Va! X,eu 
Leu Arg Asn Gly Pro Gly Met His Thr He Gly Asp Thr Lys Tyr Asn 
His Trp Phe ASP Gly Leu Ala Leu Leu His Ser Phe T^f Phe Lys Asn 



Gly Glu val Tyr Tyr Arg Ser Lys Tyr Leu Arg sH Asp Thr Tyr Asn 
Cys Asn He Glu Ala Asn Arg He Val Val sll Glu Phe Gly Thr hII 
Ala Tyr Pro Asp Pro Cys Lys Asn lie p" Ala Lys Ala Phe Ser Tyr 
Leu ser His Thr He Pro Glu Phe Thr Asp Asn Cys Leu \H Asn He 
Met Lys Thr Gly Asp Asp Tyr Tyr Ala Thr Ser Glu ^hf Asn Phe He 
Arg Lys He Asp Pro Gin Thr Leu Glu Thr Leu Asp Lys val Asp Tyr 
ser Lys Tyr Val Ala Val Asn Leu Ala Thr sll His Pro His Tyr IsJ 
ser Ala Gly Asn He Leu Asn Met Gly Ser He Val Asp Gly 

Arg Thr Lys Tyr Val Leu Phe Lys ill Pro Ser Ser Val III Glu Lys 
Glu Lys Lys Lys Ser Cys Phe Lys His Leu Glu Val Va! Cys Ser He 
Pro ser Arg Ser Leu Leu Gin Pro Ser Tyr Tyr His Ser Phe Gly He 
Thr Glu AS„ Tyr lie Val Phe He Glu Gin Pro Phe Lys Leu Asp lj° 
val Lys Leu Ala Thr Ala Tyr He Arg lly val Asn Trp Ala III cys 
Leu ser Phe His Lys Glu Asp Lys Thr Trp Phe His Phe vl? Asp Arg 
Lys Thr Lys Lys Glu Val Ser Thr Lys Phe Tyr Thr 1" Ala Leu Val 



Leu Tyr His His He Asn Xll Tyr Glu Glu Asp 11° His Val Val Phe 



ASP He val Ala Tyr A^g Asp Asn Ser Leu Asp Met Phe Tyr HI 



Lys Lys Leu Asp Lyi Asp Phe Glu Val "n Asn Lys Leu Thr III He 



Pro Thr cys £ys Arg Phe Val Val III Leu Gin Tyr Asp l^l Asp Ala 



360 



365 
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Glu Val 


Gly 


Ser 


Asn Leu 


val 


Lys 


Leu 


Pro Thr 


Ser 


Ala 


Thr 


Ala 


Val 


370 






375 








380 










Lys Glu 


Lys 


Asp 


Gly Ser 


He 


Tyr 


Cys 


Gin Pro 


Glu 


He 


Leu 


Cys 


Glu 


385 






390 








395 








400 


Gly lie 


Glu 


Leu 


Pro Arg 


val 


Asn 


Tyr 


Asp Tyr 


Asn 


Gly 


Lys 


Lys 


Tyr 








405 








410 








415 


Lys Tyr 


Val 


Tyr 


Ala Thr 


Glu 


Val 


Gin 


Trp Ser 


Pro 


Val 


Pro 


Thr 


Lys 






420 








425 








430 




He Ala 


Lys 


Leu 


Asn Val 


Gin 


Thr 


Lys 


Glu Val 


Leu 


His 


Trp 


Gly 


Glu 




435 








440 






445 




Asp His 


Cys 


Trp 


Pro Ser 


Glu 


Pro 


He 


Phe Val 


Pro 


Ser 


Pro 


Asp 


Ala 


450 






455 








460 








Arg Glu 


Glu 


Asp Glu Gly Val Val 


Leu 


Thr Cys 


val 


val 


Val 


Ser 


Glu 


465 






470 








475 










480 


Pro Asn 


Lys 


Ala 


Pro Phe 


Leu 


Leu 


He 


Leu Asp Ala 


Lys 


Thr 


Phe 


Lys 








485 








490 






495 


Glu Leu 


Gly 


Arg 


Ala Thr 


val 


Asn 


Val 


Glu Met 


His 


Leu 


Asp 


Leu 


His 






500 








505 








510 






Gly Met 


Phe 


lie 


Pro Gin. Asn Asp Leu 


Gly Ala 


Glu 


Thr 


Glu 







515 520 525 



2S 



30 



35 



40 



45 



SO 



13 



EP1031 627 A1 



<210> 2 
<211> 3111 
<212> DNA 

<213> Gallus gallus 

<220> 
<223> 

<400> 2 



cw.tc«ct Mrt«c„« ,cc.,t,t«, t„..to«t ccttct.t,t 
.,ct,ttctt .,cec.,.,. „.^.ee ,t.c,cet,e .„.,«,ct 
c.c.„.,., c„t„.,.c ..t.ttt..c ..g.,c.tce .,.gccc.t. 

.«,ctg.„ t,=a.,gtc. ,ttgcce.ct tggttgc.., „gt.et*ct ec...t„c 
c«,„.tgc .ccfg, ,g.c.ct.a. t.cccct ggtttg.tg, ettggctctg 
Ctg„c^t to.cgttt„ ...tggtg.. gttt.=t«. g„gt..gt. .ctc=,..gt 

.ctge..t.t c..tc,tgg tgtctg.,t. ^..ee.t, 

««tt.t«cg .teeatge.. ..„.t.ttt gcc«„c.t tctcfott .t=tc.e.ec 

.ttect9.,t to.cg,.c. etgcCg.tc -ctftg. .«ctgg„. tg.tt.tt.t 
,et.cc.,tg .g.et..c*t ctcg.... .^^.tccc .g.ctct„. ,.c.ct.g.t 

-.99t.g.ct .e.,.„.t. tgt.,e^t. ..cttggc =t,:ete.eoo .c«t.tg.e 
.,tgct,g« .t.ttctc.. =atg,gt.=t to..tt,«g .t„.gg,.g 
gttet«ttt. ...tcccttc etetgt.cc. ttgtttt... 

c.eet,g..g tagtatgete ctcecttet cgctcectgc tcccc.g ct.et.cc.c 
.9.ttt9,„ tccga... tt.t.tt,tg tte.t.,.,e .gecttt.. .ctgg.ftt 
9tc....tgg „«tgcct. c.tcc.„t ,t,.„t,„ cttcctgect ttcctttct 

"9g.,,.t. .g^^tggtt tcctttgt. ,.c.,.„g. cg......g. .gt.tce.cc 1020 

..,tttt.e. =tg.tgcttt ggtgettt.t c««.ct.. .tgctfcg. .g.ag.tggc XO.O 
ccgttgttt ttg.t.tcgt tgcct.c.g. ,.c..t.get tgt.c.t.t gtttfett. 1X40 
......etgg .c.g.ctt tg..,tga.c a.ca.getta cctcc.tcee aaeetgc.ag 1200 

cgctttgtt, tgectetge. gtatg.c.., g.tgcga.g t.ggttetaa tttagtcaaa 12« 
cttccctt ccgcaactgc tgt....... ...g.^„ ,c.tct.ttg tccctg.. 1320 



60 
120 
180 
240 
300 
360 
420 
4B0 
540 
600 
660 
720 
7B0 
840 
900 
960 
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atattatgtg aagggataga actgcctcgt gteaaetatg actaeaatgg eaaaaaat.ae 1380 

aagtatgtct atgcaacaga agtccagtgg agcccagttc etacaaagat tgeaaaaetg 1440 

aatgtccaaa caaaggaagt actgcactgg ggagaagacc actgctggcc ctcagagccc 1500 

atetttgtte ecageccega ^gcaagagaa gaggatgaag gtgttgtttt gacctgtgtt 1560 

gtggtgtetg agccaaataa agcacecttc ctaetcatct tggatgctaa aacattcaaa 1620 

gaafctgggec gageeaeagt fcaacgtagaa atgcatctgg aectgeatgg gafcgtttata 16S0 

eeacagaatg atttggggge ^gagaeggaa taaaaegcta ttgatccgac tacacaaact 1740 

gagaeaaett tetaetgaae atgagttaat ateeetttta eeatteaaga aeaaceatat 1800 

aaegacaeaa aatgaetatg ^taatctot taaataatag atataatee^ ^ttaaggeac ' 18G0 

agcga^gagt tttaetaeag gfcasegafcat^ geaeaaetgg eata^aacta ^tccaaaaga 1920 

agaagaacga tcagt.gtt.tt: agaagtgcta atgttgtaca taacggcggc agaggg^aca 1960 

ggagagaaag gtaacgggaa ^tttaatag aatatagatt tctgagcaaa tgaagtgcag 2040 

tatttatggt gtgatgeatg geatgagtca cataggtctg cagctcatgt atettttiaga 210O 

gatcgtttoa agattgcage ttgtgatgea agttttetcc ageeagaaaa oeteatttta 2160 

aaeeatetge taetggtaat teataeesaat geattttett ggtgetegat ttaeaetata 2220 

aeeaaagtta agtattacat teaggtgeta caaettteta atttacaace gaaaeaaaea 2280 

agcaaacagc aettgctttg ctaataacec catggtgtat ttttcctttt tatgatgaca 2340 

aaaccaagta catatggttt tatgtagcat tcaattatac ttcagtgcta ttccatccta 240O 

atgttataag eaat^tgtat ^taaateagt tttccttgag aatatetgae ataacatttt 2460 

gtgtaatgag atgaetatgt tgfcetaaaga tgaaeaggaa tgtatetttt attagtattg 2520 

^taattgtgt taetaatae^ atgeatatga atgagageaa tgtattteta ggagaaetca 2580 

gatataeatt eaacaattte tgtaggtgaa aatgcattta ctgatgaaag ttgaategtt 2640 

aatgagggag aaaaetgggt atceatecat eeaactatgt taggtgttca cctggtctgt 2700 

atgtgaoaee aogetgtttg ggfcatetete ae^tteaeat aectg^fcete atgg^ttetg 2760 

ctacteactg tattttgcag gagagaaaca aaatgaaate actgtcactt actategccc 2820 

eatcacataa gaacaatggg gctttggtga cttgttcatg attacataag atgtttgcag 2880 

eagagcagca atagaaeeaa eaccateeac agttcttgct tgctctgtta tgactccctt 2940 

tgctgtcttt atggtttgea tgtatgaaga atacaetgce taattctaat gttaaaaagt 3000 
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"=*9999te «9afcetaaM ett«a<>t»» ^ ^ 

tt..9t..9 c.,tct„„ tttto.a.t9 ttt-t^tgtt 3060 

ec.«:....tg ,...t...« eetccft . 



3111 



<210> 3 
<2ll> 8 
<212> PRT 

<213> Gallus gallus 
<400> 3 



Ala Glu Val Gin Gly Gin Leu Pro 
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<210> 4 
<211> 506 
<212> PRT 

<2I3> Gallus gallus 
<400> 4 



Glu Glu 


His 


Pro 


Glu 


Pro 


He 


Lys 


Ala 


Glu 


val 


Gin 


Gly 


Gin 


Leu 


Pro 


1 






5 








10 








15 




Thr Trp 


Leu 


Gin 


Gly Val 


Leu 


Leu 


Arg 


Asn 


Gly 


Pro 


Gly 


Met 


His 


Thr 






20 










25 










30 






lie Gly 


Asp 


Thr 


Lys 


Tyr 


Asn 


His 


Trp 


Phe 


Asp 


Gly 


Leu 


Ala 


Leu 


Leu 




35 










40 








45 








His Ser 


Phe 


Thr 


Phe 


Lys 


Asn 


Gly 


Glu 


Val 


Tyr 


Tyr 


Arg 


Ser 


Lvs 


Tvr 


50 










55 










60 








Leu Arg 


Ser 


Asp 


Thr 


Tyr 


Asn 


Cvs 


Asn 


He 


Glu 


Ala 


Asn 


Ara 


He 


Val 


65 








70 








75 








80 


Val Ser 


Glu 


Phe 


Gly Thr 


Met 


Ala 


Tvr 


Pro 


Asp 


Pro 


Cys 


Lys 


As n 


I le 








85 










90 




95 




Phe Ala 


Lys 


Ala 


Phe 


Ser 


Tyr 


Leu 


Ser 


His 


Thr 


He 


Pro 


Glu 


Phe 


Thr 






100 








105 










110 






Asp Asn 


Cys 


Leu 


He 


Asn 


lie 


Met 


Lvs 


Thr 


Gly Asp Asp 


Tvr 


Tvr 


Ala 




115 










120 










125 








Thr Ser 


Glu 


Thr 


Asn 


Phe 


He 


Arg 


Lys 


He 


Asp 


Pro 


Gin 


Thr 


Leu 


Glu 


130 










135 




140 










Thr Leu 


Asp 


Lys 


Val 


Asp 


Tyr 


Ser 


Lvs 


Tvr 


Val 


Ala 


Val 


Asn 


Leu 


Ala 


145 








ISO 




155 










160 


Thr Ser 


His 


Pro 


His 


Tyr Asp 


Ser 


Ala 


Gly 


Asn 


He 


Leu 


Asn 


Met 


Gly 








165 










170 










175 


Thr Ser 


lie 


Val 


Asp 


Lys 


Gly 


Arg 


Thr 


Lys 


Tyr 


Val 


Leu 


Phe 


Lys 


He 






180 










185 








190 




pro Ser 


Ser 
195 


Val 


Pro 


Glu 


Lys 


Glu 
200 


Lys 


Lys 


Lys 


Ser 


Cys 
205 


Phe 


Lys 


His 


Leu Glu 


Val 


Val 


Cys 


Ser 


He 


Pro 


Ser 


Arg 


Ser 


Leu 


Leu 


Gin 


Pro 


Ser 


210 










215 








220 










Tyr Tyr 


His 


Ser 


Phe 


Gly 


He 


Thr 


Glu 


Asn 


Tyr 


He 


Val 


Phe 


He 


Glu 


225 








230 










235 










240 


Gin Pro 


Phe 


Lys 


Leu 


Asp 


He 


val 


Lys 


Leu 


Ala 


Thr 


Ala 


Tyr 


He 


Arg 








245 








250 










255 


Gly Val 


Asn 


Trp 


Ala 


Ser 


Cys 


Leu 


Ser 


Phe 


His 


Lys 


Glu 


Asp 


Lys 


Thr 






260 










265 










270 




Trp Phe 


His 


Phe 


Val 


Asp 


Arg 


Lys 


Thr 


Lys 


Lys 


Glu 


Val 


Ser 


Thr 


Lys 




275 










280 










265 






Phe Tyr 


Thr Asp Ala Leu Val 


Leu 


Tyr 


His 


His 


He 


Asn 


Ala 


Tyr 


Glu 


290 










295 








300 








Glu Asp 


Gly His 


Val 


val 


Phe 


Asp 


He 


Val 


Ala 


Tyr 


Arg 


Asp 


Asn 


Ser 


305 








310 








315 




320 


Leu Tyr 


Asp 


Met 


Phe 


Tyr 


Leu 


Lys 


Lys 


Leu 


Asp 


Lys 


Asp 


Phe 


Glu 


Val 








325 








330 








335 




Asn Asn 


Lys 


Leu 


Thr 


Ser 


He 


Pro 


Thr 


Cys 


Lys 


Arg 


Phe 


Val 


Val 


Pro 






340 










345 




350 






Leu Gin 


Tyr 


Asp 


Lys 


Asp Ala 


Glu 


Val 


Gly 


Ser 


Asn 


Leu 


Val 


Lys 


Leu 




355 










360 










365 
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Pro Thr Ser Ala Thr Ala Val Lys Glu I,ys Asp Gly Ser He Tyr Cys 
Gin Pro Glu He Leu Cys Cl« Gly He Glu Leu ll'o Arg Val As„ Ty. 
Asp Tyr As„ Gly Lys Lys Tyr Lys Tyr Val Tyr Ala Thr Glu Val cln 
Trp ser Pro Val Pro Thr Lys He Ala ^s" Leu Asn Val Gin Lys 
Glu val Leu His Trp cly Glu Asp His Cys Trp Pro Ser 'oll Pro He 
Phe val Pro Ser Pro Asp Ala Arg Glu Glu Asp Glu Vx^ Val Val Leu 
Thr cys val Val Val Ser Glu Pro Asn Lys Ala tl'o Phe Leu Leu He 
tea Asp Ala Lys Thr Phe Lys Glu Leu Gly IrJ Ala Thr Val Asn Va? 
Glu Met His Leu Asp Leu His Gly Met Phe 
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<210> 5 
<211> 529 
<212> PRT 
<213> Bos taurus 

<400> 5 



25 



40 



Glu 


Glu 


Leu 


Ser 


Ser 


Pro 


Leu 


Thr 


Ala 


His 


Val 


Thr 


Gly 


Arg 


He 


Pro 


1 








5 










10 






15 




Leu 


Trp 


Leu 


Thr 


Gly 


Ser 


Leu 


Leu 


Arg 


Cys 


Phe 


Thr 


Gly 


Pro 


Gly 


Leu 








20 










25 






30 




Phe 


Glu 


Val 


Gly 


Ser 


Glu 


Pro 


Phe 


Tyr 


His 


Leu 


Phe 


Asp 


Gly 


Gin 


Ala 






35 










40 










45 






Leu 


Leu 


His 


Lys 


Phe 


Asp 


Phe 


Lys 


Glu 


Gly His 


Val 


Thr 


Tvr 


His 


Aro 




50 










55 










60 






Arg 


Phe 


He 


Arg 


Thr 


Asp Ala 


Tyr 


Val 


Arg Ala 


Met 


Thr 


Glu 


Lvs 


Ara 


65 










70 










75 








80 


lie 


Val 


He 


Thr 


Glu 


Phe 


Glv 


Phe 


Thr 


Thr 


Cys 


Ala 


Phe 


Pro 


Asp 


Pro 










• 85 










90 








95 




Cys 


Lys 


Asn 


He 


Phe 


Ser 


Arg 


Phe 


Phe 


Ser 


Tyr 


Phe 


Arg 


Gly 


Val 


Glu 








100 










105 








110 






Val 


Thr 


Asp 


Asn 


Ala 


Leu 


Val 


Asn 


Val 


Tyr 


Pro 


Val 


Gly 


Glu 


Asp 


Tvr 






115 










120 










125 




Tyr Ala 


Cys 


Thr 


Glu 


Thr 


Asn 


Phe 


He 


Thr Lys 


He 


Asn 


Pro 


Glu 


Thr 




130 










135 










140 










Leu 


Glu 


Thr 


He 


Phe 


Thr 


Lys 


Gin 


Val 


Asp 


Leu 


Cys 


Asn 


Tyr 


Val 


Ser 


145 










150 










155 






160 


Val 


Asn 


Gly 


Ala 


Thr 


Ala 


His 


Pro 


His 


He 


Glu 


Asn Asp 


Gly 


Thr 


Val 










165 










170 








175 




Tyr 


Asn 


He 


Gly 


Asn 


Cys 


Phe 


Gly 


Lys 


Asn 


Phe 


Ser 


He 


Ala 


Tyr 


Asn 








180 










185 










190 




He 


Val 


Lys 


He 


Pro 


Pro 


Leu 


Gin 


Ala 


Asp Lys 


Glu 


Asp 


Pro 


He 


Ser 






195 










200 










205 








Lys 


Phe 


Thr 


Ser 


Glu 


He 


Val 


Val 


Gin 


Phe 


Pro 


Cys 


Ser 


Asp 


Arg 


Phe 




210 










215 










220 






Lys 


Pro 


Ser 


Tyr 


val 


His 


Ser 


Phe 


Gly 


Leu 


Thr 


Pro 


Asn 


Tyr 


He 


Val 


225 










230 








235 








240 


Phe 


Val 


Glu 


Thr 


Pro 


Val 


Lys 


He 


Asn 


Leu 


Phe 


Lys 


Phe 


Leu 


Ser 


Ser 










245 










250 








255 




Trp 


Ser 


Leu 


Trp 
260 


Gly 


Ala 


Asn 


Tyr 


Met 
265 


Asp 


Cys 


Phe 


Glu 


Ser 
270 


Phe 


Thr 


Asn 


Glu 


Thr 


Met 


Gly 


Val 


Trp 


Leu 


His 


He 


Ala 


Asp 


Lys 


Lys 


Arg 


Lys 






275 










260 










285 




Lys 


Tyr 


Leu 


Asn 


Asn 


Lys 


Tyr 


Arg 


Thr 


Ser 


Pro 


Phe 


Asn 


Leu 


Phe 


His 




290 










295 








300 










His 


He 


Asn 


Thr 


Tyr 


Glu Asp 


Asn 


Gly 


Phe 


Leu 


He 


Val 


Asp 


Leu 


Cys 


305 










310 








315 








320 


Cys 


Trp 


Lys 


Gly 


Phe 


Glu 


Phe 


Val 


Tyr 


Asn Tyr 


Phe 


Thr 


Leu 


Tyr 


Leu 










325 








330 










335 




Ala 


Asn 


Leu 


Arg 


Glu 


Asn 


Trp 


Glu 


Glu 


Val 


Lys 


Lys 


Asn 


Ala 


Arg 


Lys 








340 










345 










350 


Ala 


Pro 


Gin 


Pro 


Glu 


Val 


Arg 


Arg 


Tyr 


Val 


Leu 


Pro 


Leu 


Asn 


He 


Asp 






355 










360 








365 
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I.ys Al. ASP Thr GXy Lys Aan Leu Val Thr Leu Pro Asn Thr Thr Ala 

Asp 
Pro 

«*UD diA ^-'^^ 

Asn Tyr aXn Lys Tyr Cys Gly Lys Pro Tyr Thr Tyr Ala Tyr g" Leu 

430 



Thr Ala lie Leu Cys Ser Asp Glu Phe Thr Thr l!^ Trp Leu Glu Pro 

Glu val Leu Phe Ser Gly Pro Arg Gin Ala III Glu Phe Pro Gin ^ll 

410 



Gly Leu Asn His Phe val Pro Asp Arg Leu Cys Lys Leu ^° Val Lys 
Thr Lys Glu Thr Trp Phe Thr Val Trp Gin Glu Pro tl'p Ser Tyr Pro 
ser Glu Pro He Phe Val Ser His Pro Asp Ala II'. Glu Glu Asp Asp 
Gly val val Leu Ser Val Val Val Ser Pro Gl" Ala Gly Gin Lys Pro 
Ala Tyr Leu Leu He Leu Asn Ala Lys 11^ Leu Ser Glu Val III Arg 
Ala Glu Phe Thr Val Glu He Asn He Pro Val Thr Phe III Gly Leu 
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<210> 6 

<211> 18 

<212> PRT 

s <213> Gallus gallus 

<400> 6 



Asn Lys GIu Glu His Pro Glu Pro lie Lys Ala Glu Val Gin Gly Gin 

15 10 15 

Leu Pro 

<210> 7 
<211> 18. 
<212> PRT 

<213> Gallus gallus 
<400> 7 

Asn Lys Glu Glu His Pro Glu Pro lie Lys Ala Glu Val Gin Gly Gin 

1 5 10 15 

Leu Pro 

<210> 8 
<211> 20 
<212> DNA 

<213> artificial sequence 
<220> 

<221> modif ied_base 
<222> 18 

<223> a is Inoslne; primer 
<400> 8 

aacaargarg ascayccaga 20 



so 



ss 
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<210> 9 
^ <:211> 21 

<212> DNA 

<213> artificial sequence 
<220> 

10 <221> modified base 

<222> 7, 13 

<223> a is Inosine; primer 
<400> 9 

75 

sagctgaccc tgaacytcsg c 

<210> 10 

<211> 25 

<212> DNA 

<213> artificial sequence 

<220> 
25 <223> primer 

<400> 10 

30 tctgaattcc ggagcccata aaagc 
35 Claims 

Tn^nn^'^"*^^''^'^'"*®'!^ IS.IS'-dloxygenase activity comprising an amino acid sequence which is idei 
homologous to sequence ID no. 1 whereby the degree of homology to sequence ID no. 1 is LTe^S^60% 

Protein according to claim 1 wherein the degree of homology is at least 70%. 

Protein according to claim 1 wherein the degree of homology is at least 80%. 

Protein according to claim 1 wherein the degree of homology is at least 90%. 

Protein according to any one of claims 1 to 4 wherein the amino acid sequence is derived from chicken. 
Nucleic acid sequence coding for a protein according to any one of claims 1 to 5. 
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1. 


40 


2. 




3. 




4. 


45 






5. 




6. 


SO 


7. 




8. 




9. 


55 






10. 



acid. 
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11. Primer tor the specific amplification of a gene coding for a protein having p,p-carotene IS.IS'-dioxygenase activity 
which connprises a nucleic acid sequence according to any one of claims 6 to 9. 

1 2. Probe for the detection of a gene coding for a protein having p.p-carotene 1 5.1 5'-dioxygenase activity which corn- 
5 prises a nudeic acid sequence according to any one of claims 6 to 9. 

13. Testkit for the amplification and/or detection of a gene or a part thereof coding for p.p-carotene 1 5.15'-dioxygenase 
comprising at least one primer according to claim 1 1 and/or at least one probe according to claim 12. 

10 14. Antibody characterized in that said antibody specifically reacts with a protein according to any one of claims 1 to 5. 

1 5. Immunoassay for the detection and/or quantification of p.p-carotene 1 5,15'-dioxygenase which comprises at least 
one antibody according to claim 1 4. 

IS 1 6. Process fbr the production of vitamin A wherein p-carotene is enzymatlcally cleaved by a protein according to any 
one of claims 1 to 5. 

17. Method for the introduction of the p. p-carotene 15,15'-dioxygenase cDNA into a host cell wherein a cDNA coding 
fbr a protein according to any one of claims 1 to 5 is inserted Into a vector suitable for the host cell and said vector 

so Is introduced into the host cell. 

18. Method according to claim 1 7 wherein the host cell is a plant cell. 

1 9. Method according to claim 1 7 wherein the host cell is a prokaryotic cell. 

20. Method according to clEum 1 7 wherein the host cell is a yeaist celt or another fungus. 

21 . Method according to claim 1 7 wherein the host cell is an alga. 

30 22. Method according to claim 1 7 wherein the host cell is a mammalian cell. 

23. Method according to claim 22 wherein the mammalian cell is a human cell. 

24. Host cell obtainable by a method according to any one of claims 17 to 23. 

35 

25. Host cell according to daim 24 which comprises a p,p-carotene 15.15*-dioxygenase cDNA ofc)tained from another 
spedes. 



40 



45 



so 



55 
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Figure 1 



molecular weight 
standards (Std) 

200 kDa — 

116 kDa — 
97 kDa — 

66 kDa — 

55 kDa — 



concentrated 
Poros HQ-eluent 
(cone) 



1 l<r 



fractions of the 
gelfiltration column 



13 14 15 1S 17 18 19 



^ ^ ^ r:. — 



protein A 




Std cone 12 13 14 



fractions 
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cDNA 



(Vcarotene 



dioxygenase 

expression 



low level 
luminescence 
signals 



cleavage of f)-carotene 
^ retinal 

RA 



/ 



liiciferase 



mRNA 



transcription 



reporter plasmid 



Figure 2 
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Figure 3 

No. 2 Seg 

ccttctatct'^^^'''^'^^^*^^ AGTAACGGCC GCCAGTGTCG TGGAATCCAT 
GTACGC?TGC^^*°°^° AGCTGTTCTT AGCCCAGAGA GGAGGGCACC 
AATATi!iAC^°°*°'^^°^'^ GGGTAGAGGA CACAGGAGAG CGATGGAGAC 

tgcaaggtca''*^'^'^'^^ aagagcatcc AGAGCCCATA AAAGCTGAGG 

CCAGG^^°'^'^°^^^^^^ TGGTTGCAAG GGGTACTTCT CCGAAATGGC 
^,^^q251^^ACACAATAGG GGACACTAAA TACAACCACT GGTTTGATGG 

gaagt^gta'''^^'^'"^''^^'^ tcacgtttaa aaatggtgaa gtttactaca 
cgaatcItgg^^^'^*^'^*^'^ gacacataca actgcaatat agaagcaaac 
aaacata^'^°^'^''°'" "^^g^ccatg gcttatccgg ATCCATGCAA 

TCACGGACAA°^^^°°'^*'^ TCTCATACTT ATCTCACACC ATTCCTGA6T 

gctaccagtg^^°^'^'^°'''^*^ aacattatga aaactgggga tgattattat 

GACACTicA/^^'^^'^^'^^ CATCAGAAAA ATTGATCCAC AGACTCTGGA 

cttctcaccc^°°^^°*^^ acagcaaata TGTAGCTGTA aacttggcaa 
TCAATTCirG^^^^^^''^''^ agtgctggaa atattctcaa catgggtact 
ctctgtacca^'^^°°°*° aacaaaatat gttctcttta agatcccttc 

TAGTATGCTc'^^^^^^^ AGAAGAAATC TTGTTTTAAA CACCTGGAAG 

agctttogaa^''''^^^^'^'^ cgctccctgc tccaaccaag ctactaccac 

ACTGgItATt'^^''^''^'^ TTATATTGTG TTCATAGAGC AGCCATTTfA 
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901 GTCAAACTGG CAACTGCCTA CATCCGAGGT GTGAACTGGG 
CTTCCTGCCT 

951 TTCCTTTCAT AAGGAGGATA AGACGTGGTT TCACTTTGTA 
GACAGAAAGA 

1001 CGAAAAAAGA AGTATCCACC AAGTTTTACA CTGATGCTTT 
GGTGCTTTAT 

1051 CACCACATAA ATGCTTACGA AGAAGATGGC CACGTTGTTT 
TTGATATCGT 

1101 TGCCTACAGA GACAATAGCT TGTACGATAT GTTTTACTTA 
AAAAAACTGG 

1151 ACAAAGACTT TGAAGTGAAC AACAAGCTTA CCTCCATCCC 
AACCTGCAAG 

12 01 CGCTTTGTTG TGCCTCTGCA GTATGACAAG GATGCAGAAG 

TAGGTTCTAA 

1251 TTTAGTCAAA CTTCCAACTT CCGCAACTGC TGTAAAAGAA 
AAAGATGGCA 

1301 GCATCTATTG TCAACCTGAA ATATTATGTG AAGGGATAGA 
ACTGCCTCGT 

1351 GTCAACTATG ACTACAATGG CAAAAAATAC AAGTATGTCT 
ATGCAACAGA 

1401 AGTCCAGTGG AGCCCAGTTC CTACAAAGAT TGCAAAACTG 
AATGTCCAAA 

1451 CAAAGGAAGT ACTGCACTGG GGAGAAGACC ACTGCTGGCC 
CTCAGAGCCC 

1501 ATCTTTGTTC CCAGCCCCGA TGCAAGAGAA GAGGATGAAG 
GTGTTGTTTT 

1551 GACCTGTGTT GTGGTGTCTG AGCCAAATAA AGCACCCTTC 
CTACTCATCT 

1601 TGGATGCTAA AACATTCAAA GAATTGGGCC GAGCCACAGT 
TAACGTAGAA 

1651 ATGCATCTGG ACCTGCATGG GATGTTTATA CCACAGAATG 
ATTTGGGGGC 

17 01 TGAGACGGAA TAAAACGCTA TTGATCCGAC TACACAAACT 
GAGACAACTT 

17 51 TCTACTGAAC ATGAGTTAAT ATCCCTTTTA CCATTCAAGA 
ACAACCATAT 

1801 AACGACACAA AATGACTATG TATAATCTCT TAAATAATAG 
ATATAATCCT 

1851 TTTAAGGCAC AGCGATGAGT TTTACTACAG GTAACGATAT 
GCACAACTGG 
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1901 CATATAACTA TTCCAAAAGA AGAAGAACGA TCAGTGTTTT 
AGAAGTGCTA 

oo^.^i—i A'TGTTGTACA TAACGGCGGC AGAGGGAACA GGAGAGAAAG 
GTAACGGGAA 

tatt^atggt'^'''^^'^'^^'^^ aatatagatt tctgagcaaa tgaagtgcag 
2 051 gtgatgcatg gcatgagtca cataggtctg cagctcatgt 

ATCTTTTAGA ^^^^^ ^-AV^uH-Al-txT 

2101 GATCGTTTCA AGATTGCAGC TTGTGATGCA AGTTTTCTCC 
^^GC C A.G^^^^^^\ 

GCATTTTCTT^^'^*'^'^^ ^^^^"^^ TACTGGTAAT TCATACCAAT 
TCAGGTGCTA°°^°'^'^^°^'^ TTACACTATA ACCAAAGTTA AGTATTACAT 
ACTT^riTG^**'^"^^'' *™<=AACC GAAACAAACA AGCAAACAGC 

2301 CTAATAACCC CATGGTGTAT TTTTCCTTTT TATGATGACA 
AAACCAAGTA <->-iiii iAiL,AH,A(.A 

ttccatccta'^*'^'^'^'^'^ TATGTAGCAT TCAATTATAC TTCAGTGCTA 

AATATCTGAC*'^'^'^*'^^^ CAATTTGTAT TTAAATCA6T TTTCCTTGAG 

tgaacaggaa*^^*^^'^'^'^ GTGTAATGAG ATGACTATGT tgtctaaaga 
atgcatatga'^'^'^^^'^ attagtattg ttaattgtgt tactaatact 

CAACAATTTC^'^°^°^°'^^ TGTATTTCTA GGAGAACTCA GATATACATT 

i^o,^^^"-"- TGTAGGTGAA AATGCATTTA CTGATGAAAG TTGAATCGTT 
AATGAGGGAG 

r,..^^?^^-^ AAAACTGGGT ATCCATCCAT CCAACTATGT TAGGTGTTCA 
CCTGGTCTGT 

2701 ATGTGACACC ACGCTGTTTG GGTATCTCTC ACTTTCACAT 
ACCTGTTCTC i ± i^^A\^fM 

AAATGAAATC^'^^^'^'^'^^'^^ CTACTCACTG TATTTTGCAG GAGAGAAACA 

GCTTTGGTGA^^'^'^^^^'^'^ ACTATCGCCC CATCACATAA GAACAATGGG 
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2851 CTTGTTCATG ATTACATAAG ATGTTTGCAG CAGAGCAGCA 
ATAGAACCAA 

2901 CACCATCCAC AGTTCTTGCT TGCTCTGTTA TGACTCCCTT 
TGCTGTCTTT 

2951 , ATGGTTTGCA TGTATGAAGA ATACACTGCC TAATTCTAAT 
GTTAAAAAGT 

3001 CACTGGGGTC AGATCTAGAG CTTAAGTAAG CAGTCTGGGG 
TTTTCAAATG 

3051 TTTATATGTT CCATAAAATG GAAATAAACA CCTCCATAAT 
AAAAAAAAAA 

3101 AAAAAAAAAA A 
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Figure 4 
No. 1 

TIGDTKYim^^^^^^^^ EHPEPIKAEV QGQLPTWLQG VLLRNGPGMH 

51 FDGLALLHSF TFKNGEVYYR SKYLRSDTYN CNIEANRIW 
SEFGTMAYPD xi:./^Nt^x v v 

101 PCKNIFAKAF SYLSHTIPEF TDNCLINIMK TGDDYYATSE 
TNFIRKIDPQ 

151 TLETLDKVDY SKYVAVNLAT SHPHYDSAGN ILNMGTSIVD 

KG RT K YvL F K. 

201 IPSSVPEKEK KKSCFKHLEV VCSIPSRSLL QPSYYHSFGI 
TENYIVFIEQ w«xxnarv»x 

2 51 PFKLDIVKLA TAYIRGVNWA SCLSFHKEDK TWFHFVDRKT 
KKEVSTKFYT ^ >«r- xir vuiu^i 

301 DALVLYHHIN AYEEDGHWF DIVAYRDNSL YDMFYLKKLD 

351 SIPTCKRFW PLQYDKDAEV GSNLVKLPTS ATAVKEKDGS 
IYCQPEIIjCE 

4 01 GIELPRVNYD YNGKKYKYVY ATEVQWSPVP TKIAKLNVQT 
KE VLHWG EDH 

4 51 CWPSEPIFVP SPDAREEDEG WLTC\AA/SE PNKAPFLLIL 
DAKTFKE LG R 

501 ATVNVEMHLD LHGMFIPQND L.GAETE 
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Figure 5 Seq ID No. 4 and Seq ID No. 5 



57 

69 

105 

119 

155 

167 

203 

217 

253 

266 

300 

316 

344 

366 

391 

415 

436 

464 



1 0 EEHPEPIKAEVQGQLPTWLQGVLLR . . NGPGMHTIGDTKYNHWFDGLALL 

II |: i I |.:| II I III III: :| : MM IN 
2 0 EELSSPLTAHVTGRI PLWLTGSLLRCFTGPGLFEVGSEPFYHLFDGQALL 



58 HSFTFKNGEVYYRSKYLRSDTYNCNIEANRIWSEFG. .TMAYPDPCKNI 

I MM I I :::M I * Mh.jli I lUIIIIII 
7 0 HKFDPKEGHVTYHRRFIRTDAYVRAMTEKRIVITEFGFTTCAFPDPCKNI 



106 FAKAFSYLSHTIPEFTDNCLINIMKTGDDYYATSETNFIRKIDPQTLiETL 

f.: Ill I III hh hi II I •Mill IMMII |: 

120 FSRFFSYFRGV. . EVTDNALVNVYPVGEDYYACTETNFITKINPETLETI 



156 . . DKVDYSKYVAVNLATSHPHYDSAGNILNMGTSIVDKGRTKYVLFKI PS 

IMI M-IM :M M-l M III 

168 FTKQVDLCNYVSVNGATAHPHIENDGTVYNIGNCFGKNFSIAYNIVKI PP 



204 SVPEKEKKKSCFKHLEWCSIPSRSLLQPSYYHSFGITENYIVFIEQPFK 

Ml M IM I Mil MUM IIIMM I I 

218 LQADKEDPISKFTS . EIWQFPCSDRFKPSYVHSFGLTPNYIVFVETPVK 



254 LDIVKLATAY . IRGVNWASCL . SFHKEDK . TWFHFVDRKTKKEVSTKFYT 

:.: I ..: : |-|: I M I II IM IMMM 

267 INLFKFLSSWSLWGANYMDCFESFTNETMGVWLHIADKKRKKYLNNKYRT 



301 DALVLYHHINAYEEDGHWFDIVAYRDNSL . . . YD14FYLKKLDKDFE . . . 

IM III I hM .M: :: I II M-M 

317 SPFNLFHHINTYEDNGFLIVDLCCWKGFEFVYNYFTLYLANLRENWEEVK 



345 VNNKLTSIPTCKRFWPLQYDKDAEVGSNLVKLP.TSATAV. .KEKDGSI 

I : I MMMI IIIM Mill MM: :. .1 

367 KNARKAPQPEVRRYVLPLNIDK . ADTGKNLVTLPNTTATAILCSDEFTTI 



392 YCQPEILCEG. . . . lELPRVNYD . YNGKKYKYVYATEVQWSPVPTKIAKL 

: MIM I 11. Ml MM M . IMMl 

416 WLEPEVLFSGPRQAFEFPQINYQKYCGKPYTYAYGLGLNHF . VPDRLCKL 
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437 WQTKEVLH. . WGEDHCWPSEPIFVPSPDAREEDEGVVLTCVVVSEPNKA 
465 NVKTKETWFTVWQEPDSYPS 

485 P.FLLILDAKTFKELGRA. .TVNVEMHLDLHGMF 515 

I =IIIMI |. II 11 : . . ||:| 
515 PAYLLILNAKDLSEVARAEFTVEINIPVTFHGLF 548 
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1 2 




Fig. 6 shows a 10% polyacryl amide gel wich E.coli expressed 
carotene 15 , 15 ' -dioxygenase after affinity tag purification; lane 
1 and lane 2 : 2 fractions from the Co'* -chelate column showing the 
main band at 60 kD; lane 3: low range molecular weight marker (Bio 
Rad) . 
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Fig. 7 shows an HPLC profile of the reaction mixture at the end of an 
actvity assay for the p,P-carotene 15 , 15 ' -dioxygenase following the 
procedure in example 1. The first peak in the chromatogram represents 
the internal standard, while the second peak corresponds to retinal 
as the only product formed during the central cleavage with B- 
carotene as substrate. 
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CAMT2S.23 1 
CMWT2a.27 1 



-J 
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1 

15.0 



18.0 



Fig. 8 confirms that the product peak in Fig. 7 is indeed 
retinal. A sample which was positive in the activity assay 
(green chromatogram) was spiked with retinal and analysed 
in second HPLC run (red chromatogram) . The chromatograms 
of the two runs were then overlayed. 
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